INTRODUCTION
Lactones are attractive molecules as additive for food and pharmaceutical products due to their pleasant flavor. The γ-decalactone is one of the lactones with peach flavor which has been approved as food additive by FDA. Microbial production of flavors as an alternative route to extraction from plants or chemical synthesis has received great deal of attention. A variety of microorganisms can be used to synthesize flavor compounds using simple nutrients. The main driving force for microbial production of flavor compounds is that the flavor compounds produced by microorganisms can be labeled as "natural" The medium composition is of great importance in microbial production of γ-decalactone. Microorganisms can use ricinoleic acid as suitable substrate for production of this aroma compound (Lee & Chou, 1994) . Castor oil which contains 85% of ricinoleic acid could be used as readily available, inexpensive substrate for γ-decalactone production (Dufosse et al., 1998; Neto, Pastore, & Macedo, 2004) . Environmental conditions such as temperature and pH are important and influence the γ-decalactone production. The nitrogen sources effect on this fermentation is complex. The highest yields were obtained using complex nitrogen sources which is probably due to supplying trace nutrients and minimizing the toxic effects of fatty acids by sequestering them (Maume & Cheetham, 1991) . The non-conventional yeast Yarrowia lipolytica have good potential to production of γ-decalactone. In the previous studies, this yeast has been used for γ-decalactone production from ricinoleic acid and castor oil as substrates Since control of bioconversion parameters was shown to significantly affect γ-decalactone production, a large number of experiments are needed to optimize bioconversion conditions (Lee & Chou, 1994) . To circumvent this problem, Taguchi method was used for optimization of bioconversion conditions. Taguchi method requires only a small number of experiments to study the entire parameters involved in process. Furthermore, this method allows studying effects of multiple factors on the process yield in a fast and economic way using an orthogonal array design (Montgomery, 1991) . Taguchi method shows the importance of distinct values to improve the process and product quality (Fraley, Oom, Terrien, & Alewsk, 2007) . This study therefore aimed to optimize important factors affecting γ-decalactone production from ricinoleic acid and castor oil as substrates by the Taguchi method.
MATERIAL AND METHODS

Microorganism and culture conditions
Y. lipolytica DSM 3286 was cultured on YPD medium at 29 ˚C, and maintained at 4 ˚C on YPD-agar (Barth & Gaillardin, 1996) . Basal main medium for γ-decalactone contained ricinoleic acid or castor oil, yeast extract, peptone. The flasks were incubated in shaker-incubator at 200 rpm and 29 ˚C (Moradi et al., 2013).
Design of experiments
The Taguchi fractional factorial experiment design approach has been used for optimization of production variables. It is a robust methodology against uncontrollable environmental changes (Patil, Sachin, Wakte, & Shinde, 2014). The Qualitek-4 software was used for Taguchi experimental design in this research. In the previous study, it was shown that substrate (ricinoleic acid or castor oil), yeast extract concentration, peptone concentration, and pH are the four main factors affecting production of γ-decalactone by Y. lipolytica (Moradi et al., 2013) . Therefore, these four main factors were used each at four levels as shown in Tables 1-3 .
Lactone extraction and detection
For extraction and analysis of γ-decalactone, 50 mg/L of γ-valerolactone (internal standard) was added to 2 mL of filtered sample of the culture medium ( . The ether layer was recovered and the analysis was performed with HP6890 gas chromatograph (Agilent) equipped to an FID detector. The analytes were separated on a HP-5 capillary column with helium as carrier gas at a flow The γ-decalactone is one of the lactones with peachy aroma which has been approved as food additive by FDA. The aim of this study was to optimize media composition and conditions for microbial biotransformation of ricinoleic acid and castor oil as substrates to γ-decalactone using the yeast Yarrowia lipolytica. The Y. lipolytica DSM 3286 strain was used as biotransformation agent in different trails designed by Taguchi method. The highest concentration of γ-decalactone was 62.4 and 52.9 mg/L from 1.5% ricinoleic acid and 2.5% castor oil, respectively. Nitrogen sources exhibited significant effect on the biotransformation. The maximum γ-decalactone production occurred at pH 6. The results showed that the composition of biotransformation medium composition is important for γ-decalactone production. 
RESULTS
In order to investigate the best conditions for optimum γ-decalactone production from ricinoleic acid or castor oil as substrates by Y. lipolytica DSM 3286, trails were done according to experiments proposed by the Qualitek-4 software ( Fig. 1  and Fig. 2 ). In the case of ricinoleic acid as substrate, maximum γ-decalactone production of 62.4 mg/L was obtained at concentrations of ricinoleic acid 15 mL/L, peptone 3 g/L, and yeast extract 9 g/L at pH 6 (Trail 10). The main effects of each factor on γ-decalactone production from ricinoleic acid by Y. lipolytica DSM 3286 were determined by Qualitek-4 software (Fig. 3) . Lower γ-decalactone production rate was observed at higher ricinoleic acid concentrations and pH whereas increasing yeast extract concentration had positive effect and enhanced production rate of γ-decalactone. Peptone concentration had variable effects on γ-decalactone production. Optimum conditions for γ-decalactone production from castor oil were obtained as 25 mL/L of castor oil, 9 g/L of peptone and yeast extract, and pH 6 in which 52.9 mg/L of γ-decalactone was produced. However, this combination had not been used in any of the experiments designed by the software. The main effects of each factor on γ-decalactone production from castor oil by Y. lipolytica DSM 3286 were determined by Qualitek-4 software (Fig. 4) . If increase the amounts of castor oil and yeast extract, the production of γ-decalactone will be increased. Peptone had no significant effect on γ-decalactone production. Acidic pH is better than neutral pH for production of γ-decalactone by Y. lipolytica DSM 3286 (Fig. 4) . Since maximum γ-decalactone titer was observed at the highest concentration of castor oil (25 mL/L), the effect of higher concentrations of castor oil on the γ-decalactone production was examined. However, it was found that higher concentrations of castor oil did not further improve γ-decalactone production (Fig. 5) . 
DISCUSSION
Yeasts are excellent biocatalysts in the field of alkane and fatty acids transformation into dicarboxylic acids and lactones (Waché, 2013) . The γ-decalactone production can be improved by cell density, oil concentration and oxygen transfer rate in batch and step-wise fed-batch cultures of Y. lipolytica (Braga & Belo, 2015) . Four factors with four levels were chosen for optimization of γ-decalactone production by the Taguchi method as fractional factorial experiment design. First factor was carbon source (ricinoleic acid or castor oil) which have been investigated as substrate and an activator for enzymes in the pathway of γ-decalactone synthesis in Y. lipolytica. Second and third factors were nitrogen sources including yeast extract and peptone that are important to increase cell growth and biotransformation. Last factor was pH which should be optimized to support maximum cell growth and γ-decalactone production. Maximum production of γ-decalactone was 62.4 and 52.9 mg/L by Y. lipolytica DSM 3286 on ricinoleic acid and castor oil as substrates, respectively. According to the previous studies, the nitrogen source effect was complex on this bioconversion. The γ-decalactone yield was low in the media with less than 2 g/L nitrogen content. Furthermore, a little additional γ-decalactone was produced in media containing greater than 20 g/L of nitrogen concentrations. The function of these complex protein sources is important to increase cell growth and minimize toxic effect in biotransformation (Maume & Cheetham, 1991; Patil et al., 2014) .
The optimum pH was 6 to γ-decalactone production for both substrates. The bioconversion of ricinoleic acid into 4-HDA and then γ-decalactone was obtained at acid pH (Lee, Lin, & Chou, 1995 
CONCLUSION
In conclusion, biotransformation medium composition is important for γ-decalactone production. In particular, interaction of carbon sources and yeast extract as nitrogen source is important. Furthermore, nitrogen sources are important to increase cell growth and biotransformation. Microbial fermentation was used as a potential tool to the production of natural lactones and attractive subject for researchers in this filed. The production of lactone will be established on the industrial scale because it is an extracellular product and can be produced easily with higher yields by culturing yeast in a bioreactor.
